Background. People with stroke are not maintaining adequate engagement in physical activity (PA) for health and functional benefit. This paper sought to describe any psychological and social factors that may influence physical activity engagement after stroke. Methods. A structured literature review of studies indexed in MEDLINE, CinAHL, P&BSC, and PsycINFO using search terms relevant to stroke, physical disabilities, and PA. Publications reporting empirical findings (quantitative or qualitative) regarding psychological and/or social factors were included. Results. Twenty studies from 19 publications (9 surveys, 1 RCT, and 10 qualitative studies) were included. Seventeen studies reported findings pertinent to psychological factors and fourteen findings pertinent to social factors. Conclusion. Self-efficacy, physical activity beliefs, and social support appear particularly relevant to physical activity behaviour after stroke and should be included in theoretically based physical interventions. The Transtheoretical Model and the Theory of Planned Behaviour are candidate behavioural models that may support intervention development.
Introduction
Long-term engagement in physical activity (PA) after stroke is increasingly being recognised as important for maintaining functional gains after rehabilitation and for general health benefits such as prevention of stroke recurrence and obesity, diabetes, and coronary heart disease. There is now a substantial body of work to demonstrate the effectiveness of regular PA on fitness and health parameters in this population [1] . However, it is also vitally important that clinicians, health promotion professionals, exercise instructors, and others involved in stroke care after rehabilitation understand the determinants of PA in this often elderly and frequently disabled population. Understanding these factors will allow development of appropriately targeted effective interventions that are contextually appropriate for increasing the uptake and maintenance of PA in this typically sedentary population.
A number of recent randomised controlled trials and systematic reviews [1] [2] [3] [4] [5] [6] [7] [8] [9] have demonstrated significant benefits of PA on a range of physical and functional parameters including muscle strength, gait, balance, function, and general fitness. Engaging in PA has also been shown to positively influence psychosocial outcomes such as quality of life and confidence [10] . This evidence is recognised by clinical guidelines which recommend long-term participation in PA after stroke because of its potential impact in reducing risk of cardiac events, diabetes depression, obesity, and recurrent stroke [11, 12] . Thus there is an evidence-based consensus that after stroke people should engage in long-term PA behaviour as part of, and as followup to, rehabilitation.
Despite the robust evidence regarding the many benefits of PA, people with stroke are not maintaining adequate long-term levels of engagement in PA for health and functional benefit. Many survivors adopt or return to sedentary lifestyles after rehabilitation [13] with between 58% and 68% of individuals with stroke undertaking minimal postrehabilitation PA [14, 15] . Furthermore, studies show that even where physical and functional improvements from organised programmes are significant, benefits are typically lost at followup [5, 16] . This suggests that survivors are 2 Stroke Research and Treatment either choosing not to undertake self-directed PA or are encountering barriers that prevent them from engaging in activity. In order to support people with stroke to start or return to be physically active and to maintain engagement in PA, it is important that factors influencing uptake and long-term maintenance in PA in this population are fully understood. However, the determinants of PA behaviour are complex, and are known to be influenced by interlinked psychosocial, personal, and environmental factors [17, 18] . A starting point to understand and explain the role of these interlinked concepts is therefore to examine the psychosocial factors that might influence uptake and maintenance PA after stroke.
One approach to understanding the role of factors that may influence PA is the application of health behaviour models to explain the importance and relationship of such factors. Social cognition models of health behaviour and their component theoretical constructs, for example, have been applied at the level of the individual, to explain PA behaviour [17] [18] [19] . Theories such as Social Cognitive Theory [20] the Transtheoretical Model [21] , Self-Determination Theory [22] , and the Theory of Planned Behaviour [23] are models that currently dominate the PA behaviour change literature [17] . These models incorporate a range of potentially modifiable cognitive constructs believed to influence behaviour [17, 24, 25] . Some of the most important of these for PA behaviour in general appear to be attitudinal beliefs which evaluate the positive and negative aspects of the behaviour. Expected outcome and self-efficacy beliefs, and perceived competence, as well as perceived behavioural control relate to confidence in one's ability to perform the behaviour and are important determinants of PA behaviour [17, 18, 24, 25] . Other important constructs involve intention to undertake the behaviour, which incorporates setting goals and committing to the behaviour through use of selfregulatory skills [17, 18, 21, 24] . Prestroke exercise history may influence these beliefs and cognitions and should also be examined as a determinant of PA after stroke [26] .
Understanding the role of psychological constructs in relation to PA behaviour after stroke is clearly important if effective interventions are to be developed to support longterm engagement in PA in this population.
The psychological literature from the general population also suggests that social constructs are important in determining PA, and these factors may apply after stroke [18] . Social normative beliefs relate to beliefs of others about one's engagement in PA, vicarious beliefs about others who are engaging in the behaviour [20] . More pragmatically, and moving away from an individualistic to a social model of behaviour, socioenvironmental factors may influence PA behaviour. Support from family and friends appears important in influencing motivation for PA in adults, and group exercise is known to be important in influencing motivation [18, 26] . Furthermore, sociodemographic factors such as ethnicity, gender, education, income, and age may also be influential in determining likely engagement in PA [26, 27] . Given the evidence from the general population that social environment may influence uptake and maintenance of PA, it is clearly important to also examine what is known about these factors in relation to stroke if interventions to address the psychosocial complexities of PA behaviour are to be appropriately developed and applied. The purpose of this structured review of the existing empirical data was to find and describe the role of psychological and social factors in influencing uptake and maintenance of PA engagement after stroke. Given the potential for health behaviour models to account for and explain the relative role of such factors, it was important to consider if data existed within the literature concerning these models. We used three clinically relevant questions to guide and structure our review. (1) What is the role of psychological factors in influencing the uptake and/or maintenance of PA after stroke? (2) What is the role of social factors in influencing the uptake and/or maintenance of PA after stroke? (3) Within the literature that explores the role of psychosocial factors in the uptake and/or maintenance of PA after stroke, which health behaviour models have been investigated?
Methods
We conducted a structured review of the literature. Relevant primary and secondary literature was identified by searching four online electronic databases via the EBSCO Host platform (Medline, CinAHL, Psychology and Behavioural Sciences Collection (P&BSC), and PsycINFO).
Search terms included relevant subject headings related to physical disabilities with mobility impairment or stroke (the presence of the word stroke in the title and abstract of a publication were also searched for). This search string was combined, using the Boolean operator "AND" with subject headings relevant to PA or exercise (see Table 1 ).
Publications were limited to the English language only. No other limits or filters were applied. Identified publications were scrutinised independently by two members of the study team, and a decision made as to whether or not publications should be included or excluded was made according to criteria reported in Table 2 .
Publications assessed as meeting all inclusion criteria were retrieved in full. Two members of the research team independently examined full-text copies of all selected papers. Consensus was reached by consultation with the rest Table 2 : Criteria for including and excluding publications in the review.
Criteria
Include if publication (i) included participants with diagnosed stroke (ii) focuses on psychological or social factors (iii) focuses on issues pertinent to the uptake of or maintenance of PA/exercise after stroke (iv) reports empirical data whether quantitative (e.g., RCT, survey, cohort, case-control, interrupted time series) or qualitative (e.g., in-depth interview, focus group, and ethnography) (v) reports primary or secondary derived data Exclude if publication (i) does not include a sufficient focus on people with stroke (ii) is not primarily focused on PA or exercise after stroke (iii) does not report data pertinent to understanding psychological or social factors (iv) is not empirical of the team. All publications included in the review were then categorised based on methodology. Data were extracted regarding (1) the methods used; (2) the primary study aims; (3) key findings specifically related to the review research questions.
The included studies were assessed for methodological quality according to individual elements of quality rather than a summary scale approach. For the assessment of quantitative studies (e.g., randomized controlled trials) the use of such summary scales is not supported by empirical evidence [28] and is actively discouraged [29] . Methodological components assessed for RCTs were randomisation, blinding, allocation concealment, and whether or not there had been an intention to treat analysis. Components for surveys were sampling strategy, response rate, use of validated instruments, and appropriate statistical testing.
Assessing the methodological quality of qualitative studies using composite scales has also been hotly debated and contested [30] . We therefore performed a global assessment of study quality, dichotomised according to whether it appears to be strong or weak. Strong studies are likely to include triangulation of data, respondent validation, clear exposition of methods of data collection and analysis, and reflexivity. We also considered the nature of the evidence reported in the qualitative studies and assessed these in terms of the "typologies" of their findings as described by Sandelowski and Barroso [31] . According to Sandelowski, the findings of qualitative studies in the health domain can be classified on a continuum of data transformation from findings that are not qualitative (no finding, topical survey), to ones that are exploratory (thematic survey), descriptive (conceptual/thematic description), or explanatory (interpretive explanation).
Results
Of the 1,470 publications returned from the search strategy, 1,426 were excluded following screening of the title and abstract (see Figure 1 ). 46 publications were retrieved and reviewed in full. A further 27 were excluded (see Table 3 for reasons) leaving 19 publications, which met inclusion criteria (see Table 4 ). Two publications [32, 33] reported a qualitative and a quantitative study. The quantitative study reported in Maher et al. [32] was quasiexperimental and did not report outcome data so was excluded. The studies reported in the paper by Galvin et al. [33] did meet inclusion criteria thus were both included. Thus from 19 publications included, 20 studies met all inclusion. 1 study was a randomized controlled trial (RCT), 9 were surveys, and 1 was qualitative (see Table 4 ).
Overview of the Studies
The overview contains design, setting, participants, interventions, measures, types and reported levels of PA reported, and methodological quality.
Design

Quantitative
Studies. There were eight cross-sectional surveys [14, [33] [34] [35] [36] [37] [38] [39] and one longitudinal survey [40] . The only RCT was an international multicentre trial [41] .
Qualitative Studies.
Two qualitative studies involved focus groups only [33, 42] , three conducted face-to-face or telephone interviews [10, 32, 43] , and three conducted focus groups an interviews [44] [45] [46] . One study [47] produced longitudinal case studies.
Setting
Study setting is reported in Table 4 .
Participants
Details of participant age, time since stroke, and proportion of participants with stroke in quantitative and qualitative studies are reported in Table 4 .
Quantitative Studies.
Most participants were community dwelling, however, two studies [33, 40] recruited hospital inpatients. One study [40] , had followup at one and six months after hospital discharge. The RCT recruited participants 90 days after stroke onset with followup at 3 monthly intervals then at 18 and 24 months [41] .
Most surveys included only people with stroke, however, three involved mixed disabled populations ( stroke; however, two [32, 47] interviewed mixed disabled populations (Table 4 ).
Interventions
The RCT included an intervention to increase PA [41] which involved repeated encouragement and verbal instruction about PA from a physiotherapist.
Measures
Several surveys used measures developed by the researchers to assess family involvement in exercise [33] self-efficacy, social support for PA [36] , and exercise coping [40] . Other surveys used standardised tests to assess barriers to PA [34] , barriers to health activities among disabled populations [38, 39] , self-efficacy and outcome expectancy [14, 35, 37, 38] , and locus of control [39, 40] . Where they were assessed, PA levels were measured using self-report. For the RCT, the primary outcome measure was the PA Scale for the Elderly [41] , the Yale PA Survey was also used [35] , and another study used measures developed by study researchers [36] . No study measured PA levels using pedometers or accelerometers.
Types of PA
10.1. Quantitative Studies. Types of PA ranged from passive exercise to aerobic exercise [36] ; any type of PA aimed at improving a particular skill or ability [33] ; type of PA defined by the Yale PA Survey [35] ; walking, jogging, swimming, biking, rowing, wheelchair racing, off-road pushing armcranking, and so forth [37] ; PA of at least 20 minutes duration that caused sweating or increases in respiratory of heart rate [14] and items included in the Physical Activities Scale for the Elderly [41] . Barker examined exercise for the upper limb [39] . Some surveys did not define the type of PA [34, 38, 40] .
Qualitative Studies.
Qualitative studies examined views and perceptions of people with stroke in relation to engagement in various physical activities including a seated exercise class [47] , treadmill walking [45] exercise on prescription [46] , and a conditioning class [32] . Engagement in upper limb exercise [44] , exercise and physiotherapy [33] , PA in general [42] , and exercise versus relaxation classes [10] were also examined. One study did not define type of PA [43] .
Reported Levels of PA
11.1. Quantitative Studies. The proportion of participants undertaking regular PA varied between 31% reporting regular PA for six months or more [38] to 68% of participants undertaking an unspecified amount of PA since their stroke [34] . One study [34] reported that 32% of participants had stopped PA since their stroke whilst another [14] reported that 27% undertook no PA since the stroke-an increase of 12% from Prestroke levels.
Qualitative Studies.
No qualitative studies reported level of PA undertaken by participants.
Methodological Quality
Survey quality was good overall (Tables 5 and 6 likelihood of generalisability, due to convenience sampling. All but one study [33] used previously validated measures. Qualitative studies were more varied in quality. All except one [46] were either topical surveys or thematic analyses without sufficient analytical depth to develop conceptual themes or interpretive explanation. Therefore whilst the studies reflected emerging themes, their interpretive contribution towards development of theories that might facilitate new understandings about PA engagement after stroke was limited.
Findings from the Included Studies
Detailed information of findings from the quantitative and qualitative studies is provided in the appendix. Seventeen studies (8 surveys and 9 qualitative studies) reported findings pertinent to the role of psychological factors. Fourteen studies (all qualitative studies, the RCT and 3 surveys) reported findings pertinent to the role of social factors. Table 7 lists the range of psychological and social factors. Table 6 : Global assessment of study quality and typologies of study findings of the 10 qualitative studies included.
Study Typology of study findings
Qualitative studies Global assessment of study quality
No findings Topical survey
Thematic survey
Conceptual thematic description
Interpretive explanation
Barker and Brauer [44] S t r o n g --√ --Carin-Levy et al. [10] S t r o n g --√ --Maher et al. [32] S t r o n g --√ --Reed et al. [43] S t r o n g ---√ -Wiles et al. [46] S t r o n g --
Weak -
Findings from included studies are tabulated in the appendix and summarized in the following section, starting with the psychological factors.
The Importance and Role of Psychological Factors
Eight surveys reported data pertinent to understanding the role of psychological factors in the uptake and maintenance of exercise after stroke.
14.1. Self-Efficacy. Four surveys found that self-efficacy for PA, which can be described as appraisal of confidence or capability to perform PA, predicted greater involvement in PA [14, 36] or maintenance of exercise behaviour [37, 38] .
Another study [39] demonstrated that confidence to do what needs to be done and helpful information from own efforts were important for self-directed physical activity. Self-efficacy beliefs also varied with activity type [36] , with perceived efficacy higher for gentle flexibility than for aerobic exercise. Only one study found that self-efficacy and selfreported exercise levels were not associated [35] .
In the qualitative studies, physical impairments after stroke reduced confidence to engage in PA [42, 43] . Stroke led to loss of role and purpose, and unwillingness to participate outside a perceived safe environment [43] . Feeling vulnerable caused anxiety about attending an exercise class [10] . For participants overcoming that barrier, worries about difficulty with speech and social interaction [10] and negative attitudes from others created desire to give up [44] .
Locus of Control.
Related to the construct of selfefficacy, greater perceived locus of control for recovery was predictive of recovery in two surveys [39, 40] . However in one study [40] frequency of exercise at one month after hospital discharge was not correlated significantly with perceived control, suggesting that engagement in exercise was not the coping mechanism by which perceived control improved disability. Furthermore, the relationship between perceived control and disability existed only at one month after hospital discharge, and was not apparent at six months. No study directly examined the role of perceived control on exercise behaviour.
Competence to Be Physically
Active. Beliefs about competence to exercise influenced behaviour. Not knowing how or where to exercise, and beliefs that exercise was too difficult were barriers to PA [34, 38] .
In the qualitative literature, focusing on physical limitations, making unfavourable comparisons with previous health and function, coupled with negative comparison to others affected perceived competence to engage in PA [47] . Feeling ill-equipped to engage in PA owing to physical impairments and associated cognitive impairments led to difficulty understanding and remembering information on how to competently engage in PA [42] [43] [44] . Furthermore, previous negative experiences leading to repeated failures and frustrations were overwhelming and limited trying [44] .
14.4. Beliefs about the Nature of PA. One survey [34] found that lack of interest in exercise and beliefs that it was boring were barriers to PA engagement.
In the qualitative studies, PA was viewed as a meaningful activity and a way to fill time. Having someplace to go and something to do created a sense of purpose [42] . Engaging in regular PA brought structure and routine, all of which encouraged adherence [10, 45] . In contrast, negative attitudes towards PA were also evident. Age limited the amount and type of PA deemed appropriate [42] . PA was considered formal and planned, and not something that could be incorporated into daily life. Leisure time PA such as walking and gardening were not classed as PA [42] . Furthermore, gains from engaging in organised PA were not maintained at home because individuals felt that they had learnt all there was to learn [10] .
Motivational Barriers to Becoming or Remaining Physically Active.
Higher perceived motivational barriers were associated with lower levels of PA [37, 38] . Lack of motivation, perceptions of being too lazy, and being tired were barriers to uptake or maintenance of PA [34, 38] . A study of the transtheoretical model [37] , also known as the stage of change model, reported different behavioural processes at different stages of behaviour change. Behavioural processes to support the behaviour, such as laying out exercise clothes and sharing intention to be active with others for support were apparent when people were beginning to be active, but were less prevalent in people who maintained PA over a long period. Similarly, cognitive processes such as evaluating and monitoring progress and making oneself consciously aware of the commitment to be active were less prevalent in people who maintained PA over a long period.
Similar motivational barriers were evident in the qualitative studies. Lack of energy and fatigue limited motivation to be physically active [42] , and low mood and feelings of depression led to no hope of recovery and reduced motivation to engage [44] .
Self-Determination as a Facilitator to Becoming and
Remaining Physically Active. Self-determination, a feeling of "having to do it oneself " was examined in the qualitative studies. It resulted in a "can do" attitude and pushed individuals to engage in PA [32, 42, 44, 45] . Negative attitudes from others acted as a motivator to "prove them wrong" and to push the boundaries of what is achievable, despite physical impairments [44, 47] .
Beliefs about Positive and Negative Outcomes of Being
Physically Active. Two surveys demonstrated that belief in positive outcomes of PA predicted increased engagement in PA. In one study [14] , advice from a physician enhanced outcome expectations, and positively influenced PA behaviour. Similarly, one study examining the decisions that people made about being active demonstrated that perceived benefits about exercise became greater and perceived disadvantages became lower as people became more active and maintained PA behaviour over a long period [37] .
Conversely, beliefs in negative outcomes of PA also potentially influenced engagement. One study showed that health concerns prevented 28% of participants from engaging in PA and also that 36% of participants believed that exercise would not improve their condition [34] .
Beliefs around the outcomes of PA were also evident in the qualitative studies. Feeling physically stronger, walking better, improved balance, and less falling were recognised as benefits of PA and acted as motivators to continue [45] . Stroke survivors saw being physically active as essential for recovery and a way to improve fitness and health [43, 44, 46, 47] . Being physically active was seen as an alternative No qualitative evaluation of involvement in PA made to physiotherapy, although more physiotherapy was the preferred option [43, 44] . With regards to affective outcome expectations [17] , fear of falling, pain, failure, stroke recurrence, and worries about doing the wrong thing or being embarrassed were seen as negative outcomes of PA and acted as barriers to engaging [10, 32, 44] . However, PA was also seen as being fun and enjoyable, and as a way to help ease feelings of depression, and increase energy levels [10, 43, 47] . Being physically active eased anxiety, built confidence, increased self-esteem, and offered a sense of achievement and pride [10, 32, 43] . This had a cumulative effect as improved confidence and higher self-esteem negated fears [43] and motivated individuals to engage in new activities both within the exercise setting, but also in achieving goals within the wider context of their life [32, 47, 48] .
The Importance and Role of Social Factors
The Role of Family and Friends in Supporting PA
after Stroke. The study by Galvin et al. [33] focused on the role of the family in exercise after stroke. The study was methodologically weak but demonstrated that 91% of participants with stroke agreed that a family member or friend had a role in their exercises after stroke. 91% of family or friends reported willingness to assist in physiotherapy and 85% to assist in more complex exercises involving walking and transfers. A small proportion of the participants with stroke indicated that they felt that this was not the role of their family or friends, and they did not feel confident in their capacity to assist or felt that family or friends would put them under too much pressure.
Differing views regarding the role of family and friends in supporting PA were also evident in the qualitative studies. For some stroke survivors, family and friends were central to recovery, and their support and encouragement motivated engagement in PA [44, 45] . Others, who lived on their own, felt being alone forced them to be more independent and to do more for themselves [44] .
The Role of Health Professionals.
Barker reported that lack of help from health professionals was negatively associated with uptake or maintenance of activity. Shaughnessy et al. [14] concurred with that finding, demonstrating that recommendations to exercise predicted higher levels of activity. In contrast, in the RCT, repeated instructions from a physiotherapist to be physically active did not increasing PA levels more than information about possible benefits of PA [41] . One survey reported that having a personal assistant was important for PA [36] . Cardinal et al. [37] also reported that helping relationships were predictive of stage of change for PA.
In the qualitative studies, physiotherapists were perceived as central to recovery after stroke, and therapy was considered essential to improving physical function and maintaining progress. Physiotherapy exercises were seen as a way to maintain PA levels, within rehabilitation and community settings [42, 44, 46, 48] . Physiotherapists were also seen as important for emotional support. Stroke survivors sought continued access to physiotherapists when engaging in PA in community settings, for guidance and reassurance [46, 48] . However, although support from physiotherapists was highly valued, it was acknowledged that they offered little information on self-directed exercise, and that they should place more emphasis on teaching stroke survivors how to exercise independently [44] .
Stroke survivors in one study [44] felt supported by physicians, and followed their advice to engage in PA. In contrast, stroke survivors in another [42] experienced negative attitudes from health professionals regarding their physical recovery. This acted as a motivator to engage in PA to "prove them wrong."
The Role of Exercise Professionals.
In the qualitative studies, exercise professionals were seen to play an important role in teaching stroke survivors how to exercise independently [43] . Their presence increased feelings of safety, and their verbal encouragement and support led to improved confidence and increased self-efficacy [45] . Some concerns emerged about the level of support they could offer. Survivors were concerned about lack of monitoring and being "left to their own devices" too much [46] . The level of stroke expertise of exercise professionals concerned stroke survivors, carers, and physiotherapists [46] . This led stroke survivors to seek physiotherapist attendance during community exercise programs.
The Role of Other People with Stroke and Disability.
The qualitative studies discussed the role of other people with stroke and disability. In one study [47] , exercising with others with disability was viewed as a negative experience by one individual who felt that exercising with "no hopers" did not encourage progress. Otherwise, exercising with other stroke survivors and people with disabilities was viewed positively, offering opportunities to interact with individuals who had insight into the physical consequences of stroke [32, 43] . The sense of shared experience reduced feelings of loneliness and social isolation [10, 42, 43] . Being with "others in the same boat" invoked a sense of camaraderie and was seen as an opportunity to give and receive information and support [43, 44] . It was also seen as an opportunity for comparison. Facing disabilities of others acted as a reference point for one's own physical ability, and challenged self-perceived limitations [32, 47] . Observing other stroke survivors with a greater degree of disability engaging in PA and progressing, also offered hope for recovery [48] . Further, seeing others achieving acted as a motivator for continued engagement in PA to achieve personal goals [47, 48] .
Group Exercise.
Group exercise was seen as enjoyable and fun in the qualitative studies [10, 43] . It offered opportunities to connect socially and cultivate friendships [32, 47] . However, social involvement depended on the type of activity undertaken. Group exercise in a gym was seen as offering limited potential to meet other people [46] .
Group exercise acted as a motivator to engage in PA. Perceiving oneself as being part of social group, resulted in implicit pressure to maintain attendance, as group members were reluctant to let both the instructor and other members down [42, 45] . Group exercise also increased levels of participation in PA. Social support from other group members offered encouragement to attempt new exercises and challenged negative perception of ability [43, 48] .
Discussion
Studies of the general population indicate that psychological and some social influences on PA behaviour may be modifiable through intervention [17, 19] . In this structured review we considered the extent to which psychosocial factors influencing uptake and maintenance of PA after stroke is understood. Beliefs and attitudes about the activity, selfefficacy beliefs, or perceived control over behaviour, in addition to social support did in fact appear to be important for exercise behaviour after stroke.
It is clear from the nature and focus of the 20 studies included in this review, whilst relevant data exists to understand the role of psychosocial factors in exercise uptake and maintenance, this field of enquiry in stroke is in its infancy. The majority of included studies were exploratory qualitative studies examining experiences of participants with stroke, or cross-sectional surveys involving correlationbased theory testing. Only one trial, examining the effects of an intervention on reported PA levels, provided data regarding psychosocial factors. Furthermore, only two quantitative studies [40, 41] involved longitudinal assessment. Thus little is known about factors influencing patterns of uptake and maintenance of activity over time in this population.
Nevertheless, this review demonstrates the emerging evidence base examining PA behaviour after stroke that is mostly methodologically sound. However, studies have been predominantly conducted in the USA, often with minority ethnic populations [34, 42] , therefore generalisation of findings internationally is not yet possible.
The State of the Evidence Base.
Despite limitations of the field, and the necessary limits on our search strategies, one of the strengths of this evidence base is that it includes both qualitative and quantitative studies. Whilst the quantitative studies examined researcher derived theoretical constructs, the qualitative studies explored and described experiences and views of people with stroke, identifying what factors were important to stroke survivors. Consideration of qualitative and quantitative findings may enable us to identify and develop strategies to address gaps in the quantitative literature that are highly relevant to peoples' experiences and perceptions.
Most studies were conducted with community-dwelling participants, with only two recruiting in-patient participants [33, 40] . Strategies to support self-management of longterm engagement in PA necessarily occur in community settings after rehabilitation is complete, therefore the target population for these studies was appropriate. However, the time of transition between the end of rehabilitation and living in the community may present an opportunity for targeted interventions in which to shape long-term selfdirected PA behaviour therefore understanding factors that might influence behaviour at this time is vitally important. Only one study was undertaken during this period [40] .
Of the ten survey studies, only seven exclusively examined a stroke population. Similarly, two qualitative studies included participants with other disabling conditions. We included these mixed studies since all involved some participants with stroke, whilst acknowledging that differences in psychological, cognitive, and physical differences between conditions may make generalising findings to a purely stroke population difficult.
Definitions of PA varied across studies, from passive exercise to [36] undefined exercise that caused sweating and increased heart rate [14] to PA in general [42] . Participants in the qualitative studies referred to a greater range of activities, and activities for leisure and enjoyment such as walking and fishing were not classified as PA [42] . The lack of clear definition of what is meant by PA after stroke, presents a challenge to researchers, since their definition of PA may vary from that of participants. Participant definitions of PA may also be diverse, depending on previous experiences and opportunities available after the stroke. For progress in terms of understanding engagement in PA to occur in this field, clarity in terms of exertion involved, types of PA should be clearly defined, as well as mode of engagement, such as dose frequency and intensity, since these parameters may influence enjoyment, perceived confidence to participate, and likely uptake. Of those studies that did measure PA levels, measurement was undertaken using subjective self-report rating scales. None of the studies conducted objective measurement of PA level using pedometers or accelerometers, therefore assessment of impact of psychosocial factors on actual PA levels may not be accurate. Future studies should include more accurate assessment of PA.
Psychological Factors.
The use of health behaviour models in the reviewed literature was limited, with few studies explicitly using any theoretical models in their entirety. Generally models were applied to investigate a single mediating construct such as self-efficacy or outcome expectations, outside a complete theoretical framework [14, 35, 36, 38] . Whilst it is clearly of importance to understand the correlations between individual variables and exercise behaviour, for theoretically based intervention development it is necessary to understand all the constructs likely to determine behaviour change. The qualitative studies rarely analysed findings in relation to health behaviour models or developed new theoretical models to explain the findings. The studies including participants with disability and not just stroke applied constructs from theoretical models of behaviour more consistently [36] [37] [38] , a finding that may reflect the greater maturity of that field of study. The limited use of application of theoretical models to explain or change PA in the stroke studies may be an indication of immaturity of this field of study, and possibly reflects the fact that it falls at the intersection between therapy and physical outcomes research and behavioural psychology. If the field is to mature and optimal interventions are to be developed, tested and applied in practice, it is vitally important for multidisciplinary research to emerge that evaluates the behavioural as well as the physical aspects of PA.
Although there was no evidence of evaluation or application of theoretical models to develop interventions to support PA, the reviewed literature hints at some approaches that might be taken to progress the body of knowledge and practice. Of the psychological constructs examined in the extracted survey research, the mediating variable selfefficacy was the most common and most reliable predictor of exercise behaviour in the quantitative literature. It was also evident in the qualitative studies as loss of confidence for getting to places in which supported exercise occurs and for interacting with people there as well as for the PA itself, reflecting a range of specific self-efficacy beliefs that impact on the likelihood of a person with stroke becoming physically active. The observation of the importance of self-efficacy beliefs in determining PA behaviour is in line with many studies of the general population [17, 26] , the elderly [49] , clinical populations such as cardiac patients in rehabilitation [50] , and people with multiple sclerosis [51] .
Two studies showed that internal locus of control influenced physical outcome [39, 40] as opposed to PA behaviour. Possibly because it appears to apply to general perceptions of health construct than self-efficacy which is behaviour specific, there is limited evidence that locus of control is predictive of exercise behaviour from other populations [18, 49] . However, given the findings reported in our included studies that it may influence physical outcomes, perceived locus of control requires more investigation with stroke populations.
Beliefs about positive or negative effects of PA emerged from many of the studies [10, 14, 32, 34, 37, 39, [43] [44] [45] [46] [47] . These beliefs are considered theoretically to be important determinants of attitude and intention to be active and have been shown to be associated with exercise behaviour in many studies with clinical populations [17, 26, 49, 51] .
Affective responses appear important in influencing PA after stroke. Feelings of depression, fatigue, and lack of motivation led to decreased desire to be physically active [42, 44] . These barriers are known to influence engagement in PA in clinical and general populations [26, [51] [52] [53] . Dwelling on previous health and functioning and drawing unfavourable comparisons with others led to a lack of confidence and trust in ability to negotiate barriers to PA [44, 47] . In addition, loss of purpose and the perceived attitudes of others towards disability after stroke led to reluctance to try new things, and instead stay in a safe environment [43] . The negative influence of the perceptions and attitudes of others is well documented in studies with disabled and clinical populations [54] [55] [56] . Clearly, feeling uncomfortable, self-conscious, and socially anxious undoubtedly limits the likelihood of a person with stroke engaging in PA.
However, some findings point to links between positive affect and PA. An inner drive and self-determination pushed individuals to engage in PA and facilitated goal-setting. Goal achievement was viewed as a step towards recovery and acted as motivator for continued PA [32, 42, 44, 45] . The importance of self-determination in physical activity behaviour is congruent with studies of the general population, where engaging in PA is most likely to occur when the person has internal motivation to do so [57, 58] .
Competence in knowing what to do and how to do it was associated with better recovery [44] whilst perceiving that exercise was too difficult was reported as a barrier to PA [34] . The qualitative literature supported this finding, showing that negative experiences in which success did not occur influenced perceptions of competence and motivation for PA [44, 47] . Clearly, perceptions of skillfulness are important in influencing motivation for PA after stroke. Several theoretical models include perception of competence, suggesting that where achievement can be demonstrated, motivation is likely [54] .
Social Factors.
Social factors received comparatively less attention from researchers than psychological factors. Furthermore, the discussion of social factors was far less embedded in theoretical frameworks than the identified psychological factors.
Help from health professionals appears important in determining recovery [42, 44] , and advice and helping relationships appear important in determining PA levels [14, 37] . However, the only included trial shows that an atheoretical intervention delivering advice and information from health professionals was not effective in increasing PA [41] . This finding is in line with many studies which demonstrate that information provision is not enough to change behaviour [59] .
Many benefits were perceived from exercising in a group with other stroke survivors [10, 32, 42, 43, 47, 48] . Group exercise was seen as being fun and providing social opportunities and motivation through group pressure and hope for recovery. These findings concur with quantitative research in general populations which show that social support is a consistently important correlate of PA [26] .
Opportunities to exercise together are clearly important to consider when developing intervention strategies to support PA after stroke given that being with others appears to enhance adherence and activity levels and to challenge perceptions of self as a disabled individual. Clearly strategies to encourage people to attend organised activities will be critical to achieving these benefits.
Family were seen on the whole as being helpful [33, 44, 45] ; however, some studies also reported that they could be too critical or emotional [33] , or not sufficiently confident to help [33] . The over protective or critical role of family when someone is recovering from stroke has been previously reported [60] and suggests that interventions to support PA need to involve the entire family. Interventions need to address attitudes and beliefs about their role and raising self-efficacy beliefs for supporting their family member with stroke. Development . The psychological and social factors identified in this review point to candidate theoretical frameworks that may be useful in development of behavioural interventions that support uptake and maintenance of physical activity. One such model is the Transtheoretical Model [21] which is also known as the Stages of Change Model. This model evaluates and individual's readiness to change their behaviour. It suggests that people change behaviour in stages, from not being interested in the behaviour (precontemplation stage) to thinking about it (contemplation) to adopting (action stage) and to engaging in it long-term (maintenance). The model provides strategies to guide the individual through five stages to long term maintenance and includes selfefficacy as a key construct. Movement through the stages is underpinned by a number of social and psychological processes of change [21] .
Candidate Theoretical Models for Intervention
One of the disability studies in this review [37] found that the social and psychological factors did predict stage of change suggesting that the model is applicable to disabled populations. The model has been used in a number of clinical populations to improve PA behaviour and outcomes [61] ; however, its effectiveness in supporting long-term adoption of PA has been challenged [59, 60] . Other stroke research has shown that the stages of change apply to stroke populations [61] . The fit of the social and psychological factors at each stage and through stage progression, however, requires replication in a stroke population before it is possible to be certain of this model as a candidate for behaviour change interventions in this population.
Another candidate theoretical model commonly used in PA research [59] is the Theory of Planned Behaviour (TPB) [23] , which specifically targets intention to change behaviour, and has been used successfully in PA research [60] . Our findings show that friends and family are very important in supporting PA behaviour after stroke. With its emphasis on beliefs as a precursor to intention and its consideration of subjective normative beliefs, or beliefs about what others think about the behaviour, this model may be of particular use in encouraging adoption of PA in stroke. The evidence suggested that self-efficacy was also important for physical activity after stroke. The TPB includes perceived behavioural control as a construct that is allied to self-efficacy and suggests that strategies to enhance control over the behaviour may be effective in enhancing PA [59] . These might include experience of successfully enacting the behaviour, vicarious experience, that is, observing others perform the behaviour, and physiological feedback compatible with successful performance [59] .
Strategies to apply these models to behaviour change may include individualised and tailored information provision and persuasion, approaches to increase skills through rehearsal and modelling, planning of behaviour, and setting goals as well as provision of social support, such as stroke specific group exercise or buddying support [59] . Selfmonitoring and other self-regulatory skills, including setting and reviewing behavioural goals and obtaining feedback on performance are considered key to the effectiveness of behaviour change interventions [61] . With the exception of the study examining the Transtheoretical Model in which self-regulatory processes are incorporated [37] ; these skills were not discussed or included in the stroke review. Clearly in developing new theoretically based interventions to support PA behaviour after stroke, it is of critical importance to evaluate how best to incorporate such strategies into interventions.
Another challenge is that individuals with stroke probably experience activity limitations due to more than only one condition, especially with increased age. The cumulative impairment may be modulated differently through psychosocial factors, compared to people who only have single diagnosis. Moreover, stroke is a complex condition, which may not only affect mobility but also communication, cognition, affective expression, and opportunities for social engagement. The literature so far has not sufficiently addressed the diversity of this population. For example, it is not clear whether psychological constructs hold true for people with altered cognitive functioning. Similarly, the social barriers and facilitators to exercise for people who experience aphasia after stroke are not well understood. Finally, as pointed out in the introduction, psychosocial factors are only one piece of the puzzle in the understanding of exercise activity after stroke. They interact with demographic, environmental, value, and societal factors, which have not been considered as part of this review. However, not acknowledging these factors would unjustly locate issues around nonadherence to exercise recommendations exclusively in the individual, while failing to acknowledge the physical environment and socioeconomic context in which people live.
Conclusion
This review demonstrated that there is an evidence base that begins to help us understand the role and importance of psychosocial factors in the uptake and maintenance of PA after stroke. Self-efficacy and PA beliefs appear particularly relevant constructs and should be taken cognisance of enhancing the development of theoretically based physical interventions. Theoretical frameworks such as the Transtheoretical Model and the Theory of Planned Behaviour are candidate models that may support intervention development. However, whilst our review shows that psychological constructs have been examined in relation to PA after stroke, it is clear that behavioural change theories are often not discussed in empirical publications on physical activities after stroke, and this is an area for future investigation. Social factors such as family support and opportunities to participate in group exercise are likely also to be important in PA engagement. However, the psychosocial factors are only part of a very complex picture of determinants of PA and further evaluation of health, sociodemographic, and environmental factors must be also evaluated.
